Background: Since 2001, anti-retroviral therapy (ART) has been provided to over 75,000 HIV-infected patients at the USAID-Academic Model Providing Access to Healthcare (AMPATH) Partnership in western Kenya. Over 1000 of these patients have switched to second-line ART. We therefore set out to determine factors associated with first-line ART failure amongst these patients. Methods: This case controlled study matched patients (in the ratio 1:2) from the electronic AMPATH Medical Record System on the basis of age, gender, and ART initiation date. Cases were adults (≥18 years) who initiated second-line ART between January 1, 2007 and July 31, 2011 after at least one viral load measurement >5000 copies/ml or satisfying the WHO immunological or clinical failure criteria. Controls were those on non-failing first-line ART with a CD4 count > 400/ml within the last 12 months, at the time of case incidence. Conditional logistic regression for paired data was used to assess association. We evaluated the strength of association of risk factors using stratified Cox model. Results: Of the 1084 cases and 2149 controls included in the analysis, 62% were female. Median age was 36.5 years (IQR = 30.7 -43.1); median baseline CD4 cell count was 161/ml (IQR = 72 -277); Median time to ART failure was 37 months (IQR = 24 -47). Low baseline CD4 count < 50/ml (H.R = 7.07, (95% CI = 4.92 -10.15); Zidovudine based ART (H.R 1.76, 95% CI = 1.25 -2.48) and imperfect ART adherence (H.R = 2.77, 95% CI = 2.20 -3.49) were independently associated with treatment failure. Conclusion: In this setting, low baseline CD4 count, zidovudine-based ART and imperfect adherence are associated with first-line ART treatment failure.
Introduction
Infection with the Human Immunodeficiency Virus (HIV) leads to depletion of the immune system and increases the risk of opportunistic conditions which are responsible for increased mortality [1] [2] [3] . Antiretroviral therapy (ART) restores immune function and reduces HIV-related morbidity and mortality [4, 5] . This advantage is eroded when virological treatment failure develops. In the sub-Saharan Africa, many patients who experience virological failure do not switch to potent second line regimens due to resource limitation, yet those who remain on a failing first-line regimen experience disproportionately higher morbidity and mortality compared to those who switch [6, 7] . Documented factors associated with virological treatment failure include poor adherence, certain ART regimen combinations, primary infection with drug resistant strains of HIV, prior exposure to antiretroviral monotherapy, high baseline plasma viral load and low baseline CD4 count [8] [9] [10] [11] .
Since 2001, ART has been provided to HIV-infected patients at USAID-Academic Model Providing Access to Healthcare (AMPATH) Partnership. AMPATH is a collaboration between Moi University School of Medicine (MUSoM), Moi Teaching and Referral Hospital (MTRH) and a consortium of North American Universities led by Indiana University. AMPATH works in partnership with the Kenya Ministry of Health to provide primary healthcare services including comprehensive HIV care to a catchment population of 4 million in western Kenya. As at the end of July 2011, AMPATH had enrolled over 130,000 HIV-infected patients, of whom over 75,000 had initiated ART. Over 1000 of these patients on ART had initiated second line therapy. We aimed to determine factors that contribute to patients failing their first-line ART in this large HIV cohort in sub-Saharan Africa, to provide the basis for interventions to mitigate them.
Methods

Ethical Approval
Ethical approval for retrospective analyses of routinely collected data was obtained from the Moi University/Moi Teaching and Referral Hospital Institutional Research and Ethics Committee and Indiana University School of Medicine Institutional Review Board. Patient informed consent was waived by the regulatory bodies.
Setting
This study was conducted at AMPATH, a large ambulatory HIV treatment program in western Kenya, with a HIV prevalence of 7.1% in the general population [12] . AMPATH has established 80 regional HIV treatment clinics in a predominantly rural community. Patient medical records are captured and stored in the AMPATH Medical Record System (AMRS), an electronic database which provided the sampling frame for this study [13] . The study included patients who were enrolled between January 1st, 2001 and July 31st, 2011.
The ART protocols in use during the time-frame of this study included 2 Nucleoside Reverse Transcriptase Inhibitors (NRTIs) plus 1 Non-Nucleoside Reverse Transcriptase Inhibitor (NNRTI) for first-line treatment. AMPATH patients therefore received combinations containing stavudine (D4T) or zidovudine (AZT) + lamivudine (3TC) + Nevirapine (NVP) or efavirenz (EFV). Tenofovir (TDF)-based regimens were introduced in 2010.
At enrolment, patients routinely have clinical, laboratory and radiological evaluations including physical examination, full blood count, alanine transaminase, serum creatinine, VDRL, CD4 count and chest X-ray. CD4 count is monitored six monthly. Viral load is only performed when treatment failure is suspected, based on clinical and immunological parameters.
ART was typically initiated when the CD4 count was <250/ml or if the patient was in World Health Organization (WHO) clinical stage 3 or 4 regardless of the CD4 count. The cut-off CD4 count for initiating ART was revised to 350/ml in 2010 in line with the national and WHO ART guidelines. AMPATH ART guidelines also recommend routine universal Co-trimoxazole Prophylactic Therapy (CPT) and Isoniazid Prophylactic Therapy (IPT). Patients receive free comprehensive care including treatment for opportunistic infections (includeing tuberculosis), macro-and micro-nutrient supplementation, psychosocial counseling, adherence counseling, prevention strategies and defaulter tracing. Adherence is assessed on every clinic visit by self report. Adherence is considered "perfect" when patients self report indicate that they have taken all doses at every visit since starting ART.
Study Design and Data Sources
We performed a matched case-control study. Data were extracted from the AMRS. Cases and controls were matched in the ratio of 1:2 based on age (±5 years of case), gender and date of ART initiation (±30 days of case) using a SAS macro program created by Kosanke and Bergstralh that computes a distance matrix between a group of cases and a group of potential controls using variable optimal matching [14] .
Definition of Cases and Controls
Cases were defined as adults (≥18 years) who initiated second-line therapy between January 1, 2007 and July 31, 2011 after at least one viral load measurement > 5000 copies/ml or satisfying the WHO 2006 immunological or clinical failure criteria [15] . Controls were those on nonfailing first-line ART with a CD4 count > 400/ml within the last 12 months, at the time of case incidence. Both cases and controls were required to have been on ART for at least six months. Second-line therapy was defined as a Protease-Inhibitor (PI) containing regimen after failure of an initial NNRTI regimen. All identified cases and controls were included in the analysis regardless of vital status at the time of the study. Controls were censored at their last clinic visit on first-line regimen.
A dataset was constructed containing the following categorical variables, determined a priori to be of significance in similar settings [8] [9] [10] [11] : clinic type (rural versus urban), education (primary versus post-primary), baseline CD4 count (<50/ml, 50 -100/ml, 101 -250/ml, >250/ml), baseline WHO clinical stage (stage 1, 2, 3 and 4), Body Mass Index at baseline (<18.5, ≥18.5), baseline hemoglobin level (<10 g/dl, ≥10 g/dl), HIV disclosure status (Yes, No), travel time to clinic (<30 min, 30 -60 min, 1 -2 hrs, >2 hrs), HIV discordance at baseline (yes, no, unknown), NRTI backbone (Zidovudine, Stavudine), NNRTI anchor (Nevirapine, Efavirenz), ART perfect adherence (yes, no).
Sample Size
A total of 3233 participants (1084 cases and 2149 matched controls) were included in the analysis.
Data Analysis
All analyses were performed using Stata version 11. All tests of significance were two-sided with p-value less than 0.05 considered significant. Continuous variables were compared using the Wilcoxon rank-sum test; while categorical and dichotomous variables were compared using the chi-square test and Fishers exact test where appropriate. Conditional logistic regression for paired data was used to assess association. Survival analysis was performed for the primary outcome of time to first-line ART failure with survival time being defined as time from first-line ART regimen to second-line regimen switch.
Matched Pair Analysis
Multivariate analysis was performed by fitting a stratified Cox model on matched pairs to adjust for potential imbalance in the baseline and clinical characteristics for both cases and controls [16] . The ART exposure was analyzed in a "factorial" fashion where all participants who received Zidovudine were analyzed together, regardless of whether they received Efavirenz or Nevirapine. Likewise, all participants who received Nevirapine were analyzed together regardless of whether they received Stavudine or Zidovudine. Variables used to match are by definition not included in the Cox model. Results were reported as the multivariate-adjusted odds ratios (AORs) with 95% confidence intervals (CIs) for the association between predictor variables and the outcome.
Results
Of the 3233 participants (1084 cases; 2149 controls) included in the final analysis: 62% were female; median age was 36.5 (IQR = 30.7 -43.1); median time on ART was 43.2 months (IQR = 26.4 -57.6); median baseline CD4 cell count was 161/ml (IQR = 72 -277). Median time to ART failure was 37 months (IQR = 24 -47). The commonest first-line ART regimens were: Stavudine/ Lamivudine/Nevirapine (d4t-3tc-nvp), 65.4% (n = 2114); zidovudine/Lamivudine/Nevirapine (zdv-3tc-nvp), 15.4% (n = 497) and stavudine/Lamivudine/Efavirenz (d4t-3tc-efv), 9.7% (n = 314). Majority (93.5%) of the cases had treatment failure confirmed virologically while the remainder were classified as immunological or clinical failures. Study subjects had a median CD4 count of 114.6 (IQR = 61 -182) and median viral load of 60,897 (IQR = 24,092 -178,583) at the time of change to second line.
The overall mortality rate in this cohort was 7.7 per 1000 person years of follow-up (95% CI = 6.25 -9.519; n = 89) and was slightly higher among cases, 10.7 (95% CI = 7.6 -15.1; n = 33) than controls 6.6 (95% CI = 5.1 -8.6; n = 56) respectively. The cumulative mortality was 2.7% over the entire period of follow-up (7.9 years). The overall Loss to Follow up (LTFU) was 17.7% (n = 572). There was disproportionately higher LTFU among the controls 20.9% (n = 448) than among the cases 11.4% (n = 124), p-value < 0.0001. Among participants who reported "perfect adherence", only 21.5% were on zidovudinebased regimens compared with 78.5% on non-zidovudine based regimens.
Tables 1 and 2 summarize the baseline characteristics of all participants and of cases at switch to second-line ART respectively.
The results for multivariate model are shown in Table 3 . We observe that low baseline CD4 count < 50/ml (H.R = 7.1, 95% CI = 4.9 -10.1); Zidovudine based ART (H.R 1.8, 95% CI = 1.3 -2.5) and imperfect ART adherence (H.R = 2.8, 95% CI = 2.2 -3.5) were independently associated with treatment failure. All other covariates included did not seem to affect the time to first-line ART failure.
Discussion
This study was conducted in a large HIV treatment program in western Kenya. We found that low baseline CD4 count (<50/ml) and poor ART adherence (less than perfect) were independent predictors of first-line treatment failure. This has been established in a number of previous studies [17] [18] [19] . However, in this cohort, the baseline WHO clinical stage was not a predictor of treatment failure. It is expected that advanced WHO clinical stage and low CD4 count be in tandem in predicting treatment failure. Patients in WHO stage IV at the time of initiating ART are at a higher risk of treatment failure compared with those in stage I-III [20] . In this setting, we postulate that patients in WHO stage IV are likely to have experienced disproportionately higher and early mortality before first-line treatment failure could be ascertained and this is likely to have masked the true effect of advanced WHO stage on the risk of treatment failure.
In this setting, Zidovudine use as part of the NRTI backbone is associated with treatment failure. Zidovudine is associated with more adverse effects including nausea and vomiting that may potentially reduce treatment adherence [21] [22] [23] . Our data showed that majority of patients who reported "perfect adherence" were on non-AZT regimens. Previous clinical trials comparing stavudine-versus zidovudine-based ART have documented better increases from baseline in median CD4 counts in the stavudine arm [24] [25] [26] . The clinical implication of this finding is uncertain and more data are required to examine this association conclusively.
We did not find any association between the choice of NNRTI used (Nevirapine or Efavirenz) and treatment failure. Previous studies have suggested that Nevirapine-based ART is marginally less efficacious compared with Efavirenz-based ART in terms of virological and immunological outcomes [27] [28] [29] . Our study did not demonstrate any differences between the two NNRTI's probably because they are very minor and would need a much larger cohort to fully examine this association. The overall cumulative mortality in this cohort was low at 2.7% compared to other similar cohorts which reported cumulative mortality rates of 4% -16% [29] [30] [31] . This may in part, be due to the impact of Isoniazid and Co-trimoxazole Prophylaxis Therapy practiced in this setting which would have the effect of limiting TB, pneumonia, toxoplasmosis and other opportunistic infections that are responsible for increased mortality in HIV-1 infected patients [32] [33] [34] [35] . Further, AMPATH has established a model care provision known as the High Risk Express Care (HREC) system, in which patients initiating ART with a CD4 cell count < 100/ml have rapid weekly or bi-weekly contact with nurses. This enables early identification and treatment of opportunistic infections and has been shown to reduce mortality by an estimated 40% [36] . The rate of LTFU was high at 17.7% with higher rates in the control arm than amongst the cases. We postulate that the controls were likely to have been healthier which made it easier for them to transfer or drop out of clinic.
Variables that were not significantly associated with risk of treatment failure included clinic type (rural versus urban), travel time to clinic, level of education, baseline hemoglobin levels, baseline BMI and HIV discordance and disclosure status. One study documented that care provided in village clinics was less likely to achieve virological suppression compared to care provided at county level hospital [10] . Our study found no differences between urban versus rural centres probably because similar level of care and ART protocols are employed across the board. There are few studies examining these other factors and data are scanty to make a strong conclusion.
Study Limitations
Baseline viral load testing is not routinely done in this setting. It would have been important to examine the association between baseline viral load and risk of first-line ART failure. In addition, treatment monitoring is based on clinical and immunological criteria and viral load assay is only done when treatment failure is suspected based on these other parameters. Thus, it is possible that we inadvertently failed to include patients with virological failure who had not met the criteria for immunological nor clinical failure in the cases arm. Furthermore, we were not able to assess the levels and impact of primary ART resistance to treatment failure since this test is not routinely available.
Conclusion
In this setting, low baseline CD4 count, zidovudine-based ART and imperfect adherence are associated with firstline treatment failure. Earlier initiation of ART, as well as developing new strategies to enhance adherence are key priorities in sustaining the first-line regimen.
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